Introduction
The British Army holds periodic field exercises in Papua New Guinea. The lowland coastal and jungle areas where training takes place are malarious with intense transmission of Plasmodium vivax and Plasmodium falciparum I.
The intensity of the malaria transmission and the complex drug resistance profile of the plasmodia poses a serious threat to military operations. The falciparum species is resistant to chloroquine and probably to pyrimethamine-sulfadoxine (Fansidar) while the vivax species (Chesson strain) is tolerant to conventional doses of primaquine l - 4 The situation regarding proguanil (Paludrine) and pyrimethamine is unclear but as resistance to both drugs is widespread, particularly in areas of chloroquine resistant falciparum malaria, neither should be relied upon in Papua New Guinea l -7 .
Between December 1984 and November 1985 two company strength exercises (246 men) produced 21 cases of malaria including two cases of cerebral malaria. This paper examines the threat of malaria to British military operations in Papua New Guinea and discusses the danger of malaria reintroduction posed by infected soldiers returning to malaria receptive areas in the New Territories of Hong Kong.
Patients and Methods Exercise I (see Table I) The exercise which took place at the end of 1984, involved 126 Gurkha soldiers. Malaria chemoprophylaxis was with proguanil 200 mg daily. Compliance however was probably poor (Table 1) . Physical *Consultant Physician, British Military Hospital, Hong Kong.
antimosquito measures (long sleeves and trousers at night, insect repellents, mosquito nets) were used extensively because of the biting nuisance. On return to Hong Kong 17 men were admitted to the British Military Hospital (BMH) Hong Kong. Fifteen presented within a few days of return with fever, headache, shivering and generalised aches and pains. Two rapidly became very drowsy and confused due to cerebral malaria. One presented atypically with fever and profuse diarrhoea. Following the diagnosis of 15 cases the rest of the company were screened for malaria infection by thick film examination. One asymptomatic case of vivax malaria was found while another (also with a vivax infection) was missed and presented later with clinical malaria.
The parasitological diagnosis was falciparum only in six, vivax only in five and mixed falciparum and vivax in six. One man (Case 7) with vivax malaria relapsed after treatment and was readmitted.
On admission all patients were assessed by an experienced member of the medical division. Blood was taken for malaria species differentiation, parasite density, haemoglobin, white cell count, platelet count, urea and electrolytes, liver function tests, prothrombin time and glucose-6-phospate dehydrogenase (G6PD) levels. A chest Xray was also performed. Patients with complications or high falciparum densities were admitted to the intensive care unit (lCU). Patients with falciparum malaria all received quinine, initially supplemented by Fansidar, but later, because of worries about Fansidar resistance, by oxytetracycline. A single gametocidal dose of primaquine 45 mg completed the chemotherapy. Vivax malaria was treated by chloroquine followed by primaquine 7.5 mg twice daily . for 14 days. The dose of primaquine was later increased to 7.5 mg thrice daily for 14 days because of drug tolerance by the Chesson strain. All patients recovered completely and had cleared parasites within five days. The current treatment regimen is outlined in Table 1I .
Exercise 11 (see Table Ill ) This exercise involving 120 Gurkha soldiers took place towards the end of 1985. Malaria chemoprophylaxis was with proguanil 200 mg daily plus chloroquine base 300 mg weekly. Compliance was rigorously enforced as were physical antimosquito measures. Four men developed clinical malaria while in Papua New Guinea. Thin films revealed heavy falciparum infections and all were treated locally. Three received quinine, but one (Patient 18) was given chloroquine. He suffered a clinical and parasitological relapse within a few days of returning to Hong Kong and was admitted to hospital. Treatment was along the lines laid out in Table 1I .
The other three on return had no evidence of malaria on thick film examination but as they had not received gametocidal therapy in Papua New Guinea all were given a single dose of primaquine 45 mg.
Discussion
Malaria in Papua New Guinea presents special problems for the Army and the return to Hong Kong of soldiers harbouring plasmodial gametocytes entails a grave risk to the ecology of Hong Kong. The various facets of the treatment and prevention of malaria and the protection of the environment will be discussed separately.
Management of Clinical Malaria.
(A) Falciparum. Untreated fa\Ciparum malaria carries a high mortality in non-immune subjects. Patients with high parasite counts (more than 10 5 infected red cells per mm 3 ) anaemia, (haemocrit below 30%) or complications (especially impaired consciousness) are at grave risks. Twelve patients from Exercise I and one from Exercise 1I developed clinical fa\Ciparum malaria in Hong Kong (three others from Exercise 1I had falciparum malaria successfully treated in Papua New Guinea). Because of chloroquine resistance, all the clinical cases were given quinine which is a highly effective rapidly acting schizonticide 9 . The two patients with early cerebral malaria (cases 1 and 9) were given In the remainder, quinine was given by mouth. It is essential in patients with reduced consciousness to monitor blood sugar frequently as dangerous hypoglycaemia may occur. The pathogenesis of hypoglycaemia is complex. It may occur as a terminal event in untreated falciparum malaria but the prevalence of hypoglycaemia is higher in patients treated with ~uinine which is thought to cause hyperinsulinaemia 1 . Steroids and heparin were not used as several recent studies have failed to show benefit and one carefully controlled trial in Thailand showed dexamethasone was detrimental in cerebral malaria lO . 11 . 13 ,14.15. The patients with cerebral malaria were given oxygen and fluid and electrolyte balance was meticulous because of the ever present dangers of pulmonary oedema and inappropriate ADH secretion 8 ,9 Schizonticidal therapy was completed initially with a single dose of Fansidar (three tablets) but because of possible Fansidar resistance 1 this was subsequently replaced by oxytetracycline which has been shown to be superior to quinine alone in the radical cure of falciparum malaria 9 ,1l. All patients recovered fully and all had cleared malarial parasites within five days. Treatment was completed by a single gametocidal dose of primaquine 45 mg4. (B) Vivax. Chloroquine was used as a schizonticide and achieved rapid parasite clearance. Once the G6PD was known to be normal, primaquine 7.5 mg twice daily for 14 days was given to effect radical cure. This was later increased to 7.5 mg thrice daily because of primaquine tolerance by the Chesson strain of Plasmodium vivax which is prevalent in Papua New Guinea 4 . All patients on the high dose primaquine regimen were screened for haemolysis with negative results. Patient 7 relapsed after low dose primaquine but was radically cured using the higher dose regimen. The only complication of therapy was a severe generalised chloroquine induced prutitis in one patient. The mechanism of chloroquine pruritis is unclear but it is common, occurring in upto 20% of subjects exposed to the drug 16 . (C) Mixed Infection. Patients with mixed infections were treated as for falciparum malaria except that the dose of primaquine was increased from a single 45 mg dose to 7.5 mg thrice daily for 14 days. Rapid cure was effected in all cases. The current treatment regimen is outlined in Table 11 .
Prevention of Malaria in Papua New Guinea
Physical antimosquito measures are essential especially in areas where drug resistant plasmodia occur. During both the recent exercises in Papua New Guinea soldiers were strongly self-motivated regarding antimosquito measures because of the severe biting nuisance.
Chemoprophylaxis is more difficult. Because of wide geographical variations in parasite drug susceptibility and rapidly changing resistance profiles it is becoming increasingly difficult to formulate a uniform global policy for chemoprophylaxis9.
Proguanil and pyrimethamine resistance is now widespread especially in areas where chloroquine resistant falciparum occurs, so both may be unreliable as monocomponent chemoprophylaxis in Papua New Guinea, although proguanil is simple to use and remarkably safe l .
.
Chloroquine remains highly effective against vivax (and malariae) but is unreliable against Papua New Guinea falciparium strains. Falciparum resistance to Fansidar has been described l . Both Fansidar and Maloprim are intrinsically weak against vivax infections and both are associated with serious, sometimes fatal side-effects o .
•
Although accurate comparisons between the different regimens during the recent exercises is not possible because of differences in compliance, the combination of proguanil 200 mg daily plus chloroquine base 300 mg weekly seems superior to proguanil alone, not only in reducing the overall casualty rate but in eliminating vivax infections. Unfortunately even dual chemoprophylaxis failed to abolish potentially fatal falciparum infections. Amodiaquine may be effective against chloroquine resistant falciparum as has been recently shown in Thailand l8 . This drug used alone or with proguanil may have a place in Papua New Guinea. An even more potent combination may be the new mefloquine -pyrimethamine -suIfadoxine combination which has been shown to be effective against polyresistant plasmodia 19. As can be seen from Table. I compliance with chemoprophylaxis in the malaria victims was very poor during Exercise I. Of the 17 patients only five were taking proguanil 200 mg daily. The remainder were either using the wrong· dose or were taking the drug irregularly or both. Four men were using proguanilmaloprim combinations irregularly. During Exercise 11 compliance was rigorously enforced. Although the combination of complex chemoprophylaxis and much improved compliance abolished vivax infections, cases of falciparum malaria still occurred although with reduced frequency. During Exercise I the mean duration of symptoms before the instituation of effective therapy was six days (range 2-21). This was mostly due to delay in selfreferral although in four cases (all falciparum) the early symptoms were thought to be due to "flu" resulting in a delay of several days before the gravity of the situation was realised. Falciparum malaria in its early stages may be entirely non-specific in its presentation and can closely resemble a mild viral illness. The subsequent delay in diagnosis exposes the patient to great danger as sudden clinical progression to death can occur even in patients who at first sight do not appear to be seriously iIIl2. The problem was solved by alerting battalion medical officers, followed by a search for febrile patients and rapid thick film screening. Subsequently all men with fever, shivering or headache were ordered to report immediately to their medical officer. (C) Prevention of Relapse. The resistance profile of Papua New Guinea malaria predisposes to relapse. As parasitological relapse may precede clinical relapse a danger to the environment exists. Following the relapse of Patient 7 all men with vivax malaria received increased doses of primaquine. Patient 18 who was given chloroquine for falcipaum malaria in Papua New Guinea not surprisingly relapsed. Our current treatment policy (Table 11) , If malarial parasites are found species differentiation can then be achieved by thin film examination, One asymptomatic patient with vivax malaria was found while another also with vivax malaria was missed and presented with clinical malaria later. Because ofthe low pick-up rate and considerable logistical burden screening was not repeated after Exercise 11, It may have to be reconsidered however should late cases of malaria occur, (F) Gametocidal Therapy. Although both quinine and chloroquine rapidly destroy schizonts and effect clinical cure neither destroys gametocytes, The gametocyte may remain infective to mosquitoes for several weeks, Primaquine is the only effective gametocidal drug currently available, In patients with vivax malaria specific gametocidal therapy is not a practical problem because primaquine is routinely used to effect radical cure, However permanent clinical cure of falciparum malaria can be achieved by schizonticidal drugs alone so separate gametocidal therapy must be considered. In areas where falciparum malaria is endemic gametocidal therapy does not appear to significantly reduce transmission in the community9, However in Hong Kong where endemic transmission is trivial but where receptive vectors abound adjuvant gametocidal therapy to prevent malaria becoming re-established is essential. Primaquine 45 mg as a single dose appears to be highly effective in this regard 4 , In our patients with falciparum malaria including the soldiers treated in Papua New Guinea a single dose of primaquine 45 mg was given as soon as the G6PD was known to be normal.
The malaria threat to the Army posed by Papua New Guinea is likely to continue, Urgent research into the local malaria situation is required to determine the best chemoprophylaxis, This must be supplemented by education of the Gurkha battalions to increase their motivation regarding prophylaxis and drug compliance. The importance of antimosquito measures can not be over-emphasised, Doctors treating men who have recently been in Papua New Guinea need to be familiar with the special drug resistance problems and need to be aware of the atypical presentations of falciparum malaria,
